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Head size contributes substantially to seed yield of sunflower because it influences both 
number of seeds per head, and seed size. The aim of this field study was to determine 
the variability of head diameter in sunflower hybrids depending on planting date across 
three cropping seasons. Three hybrids (Miro, Rimi, Pobednik) were sown at four 
planting dates (PD1 - 20th of March, PD2 - 10th of April, PD3 - 30th of April, PD4 - 20th 
of May). Head diameter was analysed in the stage of flowering and physiological 
maturity. The trial was arranged as Randomized Complete Block Design (RCBD) with 
four replications. Analysis of variance (ANOVA) showed that the effect of year, hybrid, 
planting date and most interactions were highly significant for head diameter in the 
flowering stage. In the stage of physiological maturity head diameter varied 
significantly depending only on the planting date. Also, all interactions, except year × 
hybrid (Y × H), were highly significant. Planting date had significant influence on head 
diameter in the stage of flowering and physiological maturity in sunflower. With later 
sowing head diameter increased, so that significantly highest head diameter across 
planting dates was found in PD4 (11.8 cm in flowering stage, and 22.6 cm at the stage 
of physiological maturity). Study results may be helpful in the recommendation for 
optimal planting date in sunflower. 
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INTRODUCTION 
Sunflower (Helianthus annuus L.) is one of the most important oil crops, widely grown 
in many parts of the world (HU et al., 2010). It is one of the four most important oilseed crops in 
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the world which include rape oilseed, soybean and cotton (YADAVA et al., 2012; BALALIĆ et al., 
2012). In Serbia, sunflower is the main oil crop. The sunflower acreage varies from 160 to 210 
thousand ha, with the seed yield ranging from 1.7 to 2.3 t ha-1 (MIKLIČ et al., 2015). 
Head diameter is very important trait in the sunflower seed yield structure. The size of 
the head diameter influences the number of flowers and seeds per head which directly influence 
the seed yield per plant. Head size should be intermediate, with a diameter of 20-25 cm and with 
firm epidermis underside. Increase in head size above the optimum value results in reduced seed 
yield (g/head), increased husk percentage, increased number of empty seeds and reduced oil 
content in seed (ŠKORIĆ, 2012). Sunflower head has a variable diameter; it is 
dependent on the genotype, environmental factors and interaction between these two parameters 
(BONCIU et al., 2010; HLADNI et al., 2014). 
Numerous researchers have found significant positive correlations between 
morphological characters such as head diameter and seed yield (HLADNI et al., 2003; KAYA et al., 
2009; HLADNI et al., 2010; DARVISHYADEH et al., 2011; ŠKORIĆ, 2012; HAMZA and SAFINA, 
2015).  
Planting date (LAWAL et al., 2011, DUTTA, 2011, AHMED et al., 2015), and stand density 
(DUŠANIĆ et al., 2004, ALI et al., 2011, BAGDADI et al., 2014) showed significant influence on 
head diameter in sunflower.  
The objective of this field study was to determine the influence of planting dates on the 
variability of head diameter in sunflower hybrids, grown during three vegetation periods. 
 
MATERIALS AND METHODS 
In order to investigate the influence of planting date on head diameter three medium 
early maturity sunflower hybrids were used: Miro, Rimi and Pobednik. These hybrids have been 
developed at the Institute of Field and Vegetable Crops, Novi Sad, Serbia. They were cultivated 
during three growing seasons (2005, 2006, 2007) and sown at four different planting dates (PD1 
- 20th of March, PD2 - 10th of April, PD3 - 30th of April, PD4 - 20th of May), in randomized 
complete bloch design (RBCD) with four replications at the Institute of Field na Vegatable 
Crops, Novi Sad, Serbia. Each plot consisted of six rows, 0,7 m apart and 10 m long. Plants were 
sown at 25 cm intervals within rows. Head diameter (cm) was measured, from one edge of the 
head to the other, at the stage of flowering and physiological maturity. The sample consisted of 
12 plants (3 plants x 4 replications) in both of the stages. Three plants were sampled per plot (12 
plants per hybrid × planting date combination). 
The analysis of collected data was done statistically by analysis of variance (ANOVA) 
technique using GenStat12.1 software. Treatment means were compared by LSD test at 5% and 
1% level of probability. 
RESULTS AND DISCUSSION 
Head size, expressed as head diameter (cm), is one of the sunflower yield components 
that directly influence hybrid model changes (ŠKORIĆ, 2012). Head diameter in the structure of 
sunflower seed yield is a significant trait, because it influences the number of flowers, and thus 
the number of grains per head, which are important preconditions for yield of sunflower hybrids.  
 
Head diameter in the stage of flowering  
Head diameter at the stage of flowering was largely influenced by the year of 
investigation (46.6%), although other sources of variation showed also significance, except 
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interaction H × PD. Of all the interactions Y × PD had the greatest influence on the formation of 
head diameter in this stage (Table 1). 
 
Table 1. ANOVA of head diameter in the stage of flowering 
Source of variation df SS (%) MS  P 
Rep. 3 1,6 0,5 0,018 
Year (Y) 2 46,6 19,5 0,000** 
Hybrid (H) 2 9,9 4,1 0,000** 
Planting date (PD) 3 12,4 3,5 0,000** 
Y × H 4 2,9 0,6 0,002** 
Y × PD 6 21,0 2,9 0,000** 
H × PD 6 0,5 0,1 0,753 
Y × H × PD 12 5,0 0,3 0,004** 
Error 105  0,1  
*P < 0,05; **P < 0,01 
 





Planting date (PD) Average 
(Y × H) 
Average 
(Y) PD1 PD2 PD3 PD4 
2005 
Miro 10,6 9,7 9,7 11,5 10,4  
10,7 
 
Rimi  10,8 10,4 10,5 11,7 10,9 
Pobednik 10,7 10,4 10,4 11,7 10,8 
 Average 10,7 10,2 10,2 11,6   
2006 
Miro 11,3 12,3 12,3 11,5 12,0  
12,1 
 
Rimi  11,6 11,7 11,7 11,9 11,8 
Pobednik 11,6 12,4 12,4 12,5 12,4 
 Average 11,5 12,2 12,2 11,9   
2007 
Miro 10,9 11,4 12,0 11,6 11,5  
11,9 
 
Rimi  11,3 11,6 12,5 11,5 11,7 
Pobednik 12,2 12,7 12,5 12,1 12,4 
 Average 11,5 11,9 12,3 11,7 11,9  
Average 
(3 year) 




Rimi  11,2 11,2 11,6 11,7 11,5 
Pobednik 11,5 11,8 11,8 12,1 11,9 
 Average 11,2 11,4 11,6 11,8   
V (%) 6,9 
 LSD Y H PD Y × H Y × PD H × PD Y×H×PD 
0,05 0,10 0,10 0,17 0,18 0,29 0,29 0,51 
0,01 0,14 0,14 0,23 0,24 0,39 0,39 0,68 
LSD 
 2005  2006  2007 
 H PD H×PD 
SD SD 
 H PD H×PD  H PD H×PD 
0,05  0,19 0,32 0,10  0,18 0,29 0,09  0,18 0,29 0,09 
0,01  0,26 0,42 0,13  0,24 0,38 0,12  0,24 0,38 0,13 
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The highest value of head diameter in the flowering stage was in the year 2006, while in 
2005 was the lowest value for this parameter. Decreased head diameter in 2005 in relation to 
2006 and 2007 was related to weather conditions which were not favorable for sunflower (Table 
2). 
The largest head diameter is manifested in the hybrid Pobednik (11.9 cm). Hybrid Miro 
had the lowest average value for head diameter, which amounted to 11.3 cm, on the basis of the 
three-year experiments (Table 2).  
Planting date showed significance in the mean values for head diameter. In PD4 head 
diameter had the highest value (11.8 cm). Looking at the mean head diameter in particular by 
different years, it can be noted that there were significant differences in the mean values for both 
individual hybrids, and for the planting dates (Table 2). 
Coefficient of variation was low and amounted to 6.9% for head diameter in the stage of 
flowering (Table 2). 
 
Head diameter in the stage of physiological maturity  
Head diameter in physiological maturity varied significantly depending on the planting 
date (18.6%). Years, as well as hybrids had no significant influence on this trait. All interactions, 
except year × hybrid (Y × H), were also highly significant. The highest value showed the 
second-order interaction Y × H × PD (30.0%), Table 3.  
 
Table 3. ANOVA of head diameter in the stage of physiological maturity 
Source of variation df SS (%) MS  P 
Rep. 3 4,0 2,1 0,003 
Year (Y) 2 0,3 0,3 0,548 
Hybrid (H) 2 0,9 0,7 0,200 
Planting date (PD) 3 18,6 10,0 0,000** 
Y × H 4 29,2 11,2 0,093 
Y × PD 6 6,3 1,7 0,002** 
H × PD 6 10,0 2,7 0,000** 
Y × H × PD 12 30,6 1,7 0,000** 
Error 105  4,1  
*P < 0,05; **P < 0,01 
 
As stated by JOKSIMOVIC et al. (2003) head diameter showed highly significant values 
for hybrid, year and their interaction. Head diameter varied depending on the year of production 
(temperature, amount and distribution of rainfall) and hybrid, but it was mostly influenced by the 
hybrid. The values ranged from 18.1 cm (2001) to 22.9 cm (1997), averaging 19.6 cm in the 
period of 11 years, depending on the year of investigation, as reported by SIMIC et al. (2008). 
MARINKOVIC et al. (2011) found that head diameter in sunflower hybrids ranged between 20.5 
cm (UK-PA 45 x Snrf 583) and 24.5 cm (UK-PA 243 x RHA-B-1). In the study of MASVODZA et 
al. (2015) sixteen cytoplasmic male sterile (CMS) lines and ten male restorer (R) lines were 
used. They concluded that head diameter ranged between 5.9 cm in CMS 124 x Issanka to 11.1 
cm in CMS HA 290. Head diameter for hybrids ranges from 12.0 cm to 29.2 cm, as mentiond by 
IMRAN et al. (2015). The values of head diameter in hybrids varied from 12.7 cm (SMH-2002-8) 
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to 17.0 cm (SMH-2002-14), but head diameter showed non-significant correlation with yield 
(KHAN et al., 2003). MACHIKOWA and SAETANG (2008) reported significant positive correlations 
between head diameter and 100-seed weight. From their results, can be also seen that the head 
diameter and plant height have shown considerable direct positive effects on seed yield. 
Values of head diameter are doubled in the stage of physiological maturity in relation to 
the flowering stage (Table 2 and 4). Between the mean values for hybrids and years, there were 
no significant differences in the head diameter at the stage of physiological maturity (Tab. 4).  
 





Planting date (SD) Average 
(Y x H) 
Average 
(Y) SD1 SD3 SD5 SD7 
2005 
Miro 22,5 21,2 21,1 22,8 21,9 
21,8 Rimi  21,8 21,5 21,2 21,1 21,4 
Pobednik 21,7 20,4 21,5 24,6 22,1 
 Average 22,0 21,0 21,3 22,8   
2006 
Miro 22,5 21,2 22,3 24,4 22,6 
21,9 Rimi  23,2 22,6 21,2 22,3 22,3 
Pobednik 20,2 20,8 21,4 20,9 20,8 
 Average 22,0 21,5 21,7 22,6   
2007 
Miro 20,5 22,3 20,3 22,7 21,5 
21,9 Rimi  21,0 21,0 21,9 22,2 21,5 
Pobednik 22,7 22,8 22,7 22,6 22,7 
 Average 21,4 22,0 21,6 22,5   
Average 
(3 year) 




Rimi  22,0 21,7 21,4 21,9 21,8 
Pobednik 21,5 21,3 21,9 22,7 21,9 
 Average 21,8 21,5 21,5 22,6   
V (%) 4,7 
 
LSD Y H SD Y × H Y × SD H × SD Y×H×SD 
0,05 0,19 0,19 0,31 0,33 0,54 0,54 0,93 
0,01 0,25 0,28 0,41 0,44 0,72 0,72 1,25 
 
LSD 
 2005  2006  2007 
 H PD H×PD 
SDSD 
 H PD H×PD  H PD H×PD 
0,05  0,44 0,72 0,23  0,27 0,45 0,14  0,18 0,29 0,09 
0,01  0,59 0,97 0,31  0,37 0,60 0,19  0,24 0,38 0,12 
 
Regarding planting date significantly higher mean value for head diameter can be noted 
in PD4 compared with earlier planting dates in the three-year average (Table 4). The same 
conclusion can be made, observing values obtained separately by years, so in each of the year 
head diameter had highest mean value at later planting date i.e. in PD4 (Table 4). That planting 
dates have significant influence on head diameter showed also the results of ESECHIE (2008). In 
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his experiment two sunflower hybrids, Islero and Upsol-veraflor, were sown at three different 
dates during two vegetation periods. Head diameter, number of seeds per head and percentage of 
large seeds increased with delay in planting date. DUTTA (2011) reported the results of planting 
date (November 15, November 30, December 15, December 30 and January 15) on head 
diameter for the region of India. The statistical analysis revealed that head diameter showed a 
decreasing trend with delayed date of planting. Planting on November 30 exhibited maximum 
head diameter (16.8 cm). Plant spacing has also significant influence on head diameter. So ALI et 
al. (2011) concluded that there was a linear increase in head diameter with increase in plant 
spacing. These results are supported with the findings of AL-THABET (2006) who stated that head 
diameter was significantly increased as the space between plants increased. Coefficient of 
variation for head diameter in the stage of physiological maturity was rather low (4.7%), table 4. 
Higher values for this trait (7.4%; 7.1%) were mentioned by SUEZER (2010) and AHMED et al. 
(2015). 
CONCLUSIONS 
Based on the research of variability of head diameter in sunflower hybrids, depending 
on planting date, the following conclusions can be drawn: Analysis of variance (ANOVA) 
showed that the effect of year, hybird, planting date and most interactions were highly significant 
for head diameter in the flowering stage. In the stage of physiological maturity head diameter 
varied significantly depending only on the planting date, while values for hybrid and year were 
non-significant. Also, all interactions, except year × hybrid (Y × H), were highly significant. 
Planting date had significant influence on head diameter in the stage of flowering and 
physiological maturity in sunflower, taking into account the results of the three-year 
experiments. With later sowing head diameter increased, so that the highest value was achieved 
in the PD4 (11.8 cm in the flowering stage and 22.6 cm at the stage of physiological maturity). 
Coefficient of variation for head diameter in the three-year experiments was V=6.9%, in the 
flowering stage, and V=4.7% in the stage of physiological maturity. Study results may be helpful 
in recommending optimal sunflower planting date. 
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Izvod 
Cilj ovog poljskog ogleda bio je da se analizira varijabilnost prečnika glave hibrida suncokreta u 
zavisnosti od roka setve. Tri hibrida (Miro, Rimi, Pobednik) posejana su u četiri roka setve (PD1 
- 20 mart, PD2 - 10 april, PD3 - 30 april, PD4 - 20 maj). Prečnik glave praćen je u fazi cvetanja i 
fiziološke zrelosti, tokom tri vegetaciona perioda. Ogled je postavljen po slučajnom blok sistemu 
(RCBD) u četiri ponavljanja. Analiza varijanse (ANOVA) za prečnik glave u fazi cvetanja 
pokazala je visoku značajnost za godinu, hibrid, rok setve i većinu interakcija. U fazi fiziološke 
zrelosti visoka značajnost za prečnik glave dobijena je samo za rok setve i sve interakcije, osim 
za interakciju godina × hibrid (Y × H). Prečnik glave u fazi cvetanja varirao je između 11,3 cm 
(Miro) i 11,9 cm (Pobednik). Vrednosti prečnika glave su se udvostručile u fazi fiziološke 
zrelosti u odnosu na fazu cvetanja. Rok setve imao je značajan uticaj na prečnik glave suncokreta 
u fazi cvetanja i fiziološke zrelosti. Značajno najveća vrednost prečnika glave bila je u PD4 (11,8 
cm u fazi cvetanja i 22,6 cm u fazi fiziološke zrelosti). Rezultati ispitivanja mogu biti od značaja 
pri preporuci za optimalni rok setve hibrida suncokreta. 
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